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@ upon the formation of a film on a semiconductor 
substrate by spin coating method, a polyimtde pre- 
cursor solution as a film forming solution is supplied 
dropwise onto the semiconductor substrate, and then 
the semiconductor substrate is started to be rotated 
at a low revolving speed of 1 ,000 rpm while pure 
water as an adhesion protecting liquid is injected 
upon the backside of the semiconductor substrate. 
By this operation, the polyimide precursor solution is 
spread out over the above surface of the semicon- 
ductor substrate by the rotation thereof. On the other 
hand, pure water is injected on the backside of the 
substrate before the dropped solution reaches the 
periphery of the substrate. As a result, the polyimide 
precursor liquid is prevented from going around to 
the backside of the substrate by the injection of pure 
water, thus protecting the adhesion of the polyimide 
precursor solution onto the backside of the sub- 
strate. Accordingly, the method of the present inven- 
tion can make reduction of the processing time, 
since this method is not the one in which the 
polyimide precursor solution having once adhered 
on the backside of the substrate should be dissolved 
and removed. 
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The present invention relates to a process for 
producing a semiconductor device, and more par- 
ticularly, to a film forming method by spin coating 
technique. 

In the manufacturing process of semiconductor 
devices, spin coating method has been widely 
used in order to form a film of an organic solvent 
on a substrate. That is, the organic solvent is 
supplied dropwise on a surface of the substrate as 
it is rotated. Meanwhile, for semiconductor devices, 
a stress is generated between a mold resin and a 
passivation film, in dependence upon variation of 
temperature. The stress becomes large as the di- 
mension of semiconductor chip is increased. In 
order to relieve this kind of stress, a polyimide 
layer may. in some cases, be provided between 
the mold resin and the passivation film. The above 
mentioned spin coating method would be used to 
form such a polyimide layer, for instance. 

In order for the polyimide layer to function as a 
buffer layer relieving the stress generated under 
the influence of temperature changes, the 
poiyimide layer must be enough thick. To obtain 
such a polyimide layer with a sufficient thickness, it 
is necessary to use a polyimide precursor solution 
having a high viscosity. When the polyimide pre- 
cursor solution with a high viscosity is coated to a 
semiconductor substrate as it is rotated, the 
polyimide precursor solution cannot be thrown 
away and removed from the periphery of the semi- 
conductor substrate. As a result, the polyimide 
precursor solution adheres to the backside of the 
substrate. The adhesion of the polyimide precursor 
solution of a high viscosity onto the backside of the 
substrate may induce generation of dust. 

In order to prevent the adhesion, a solvent (to 
be referred to as a backside-rinsing liquid) is dis- 
charged so as to dissolve and remove the 
polyimide precursor liquid adhered on the backside 
of the substrate. 

Fig.1 Is a cross-sectional view of a rotatory 
applicator, whereas Fig. 2 is a timing chart showing 
a sequence of coating of a polyimide film in which 
the polyimide precursor solution is removed using 
a conventional backside-rinsing liquid. In Fig. 2. axis 
of abscissa represents processing time, and axis of 
ordinate represents revolving speed of a semicon- 
ductor substrate. 

As shown in Fig.1. the spin coater has a hous- 
ing 16 comprising a lower cup 13 and an upper 
cup 12 disposed above the lower cup 13. and the 
thus constructed housing 16 holds a semiconductor 
substrate 16 therein. The lower cup 13 is provided 
with a drain hose 17 for letting liquid run out. 

The upper cup 12 is provided at the center 
thereof with an opening 19, through which an or- 
ganic solution can be dropped into the housing 
from a nozzle 1 1 for supplying the droplet of or- 



ganic solution. The injecting nozzle 1 1 is driven by 
a driver unit 23 to drop a predetermined amount of 
an organic solution. 

Inside the housing, a vacuum chuck 14 for 

5 supporting and holding semiconductor substrate 16 
is fixed to a vertical rotary shaft 18 with its sub- 
strate supporting face horizontal. A semiconductor 
substrate 16 is set on the supporting face of vacu- 
um chuck 14, and is vacuumed and sucked to be 

10 fixed by vacuum chuck 14. As rotary shaft 18 is 
driven by a driver unit 22. semiconductor substrate 
16 thus fixed on vacuum chuck 14 is rotated by 
driver unit 22 about a vertical axis at the center 
thereof. 

75 Inside lower cup 13, a nozzle 15 for discharg- 

ing backside-rinsing liquid is provided under the 
periphery of semiconductor 16 mounted on vacu- 
um chuck 14, so as to discharge and inject a 
backside-rinsing liquid on a backside (underside) of 

20 semiconductor substrate 16. The discharging noz- 
zle 15 is driven by a driver unit 24 to discharge 
backside-rinsing liquid in a predetermined amount. 

These driver units 22. 23 and 24 are regulated 
by a controller 21. Now, operation of the spin 

25 coater shown in Fig.l will be described based on 
controlling features of controller 21 with reference 
to a timing chart shown in Fig. 2. 

At step 1 shown in Fig. 2 (a period for dropping 
coating liquid), organic solution-discharge nozzle 

30 1 1 controlled by driving unit 23 supplies polyimide 
precursor solution dropwise onto the surface of 
semiconductor substrate 16 kept at rest. 

Next, semiconductor substrate 16 is driven by 
means of driver unit 22, to raise its revolving speed 

35 to 1.000 rpm. At step 2 shown in Fig. 2 (period of 
rotation at low revolving speed), substrate 16 is 
rotated at a low revolving speed of 1.000 rpm for 
five seconds. This rotation at low revolving speed 
spreads out the dropped polyimide precursor solu- 

40 tion over the surface of the substrate 16. This step 
is called pre-spinning. 

Next, the revolving speed of substrate 16 is 
further raised to 3,000 rpm, and at step 3 (a period 
of rotation at high revolving speed), substrate 16 is 

45 rotated at a high revolving speed of 3,000 rpm for 
20 seconds. This rotation is to regulate the thick- 
ness of the polyimide film to a desired dimension. 
The step 3 is called main spinning. 

Then, at step 4, with keeping substrate 16 

50 rotating at the same revolving speed as in the main 
spinnnKj. t.junothylacetamide (to be abbreviated as 
DMAc tiofoifiaftcr) is injected from nozzle 15 for 
injecting l^ackstde-rinsing liquid by means of driver 
unit 24. The thus injected DfVIAc is directed toward 

55 the backside of the substrate for thirty seconds, to 
thereby dissolve and remove the polyimide film 
adhered onto the backside of the substrate. 
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At Step 5 (a period for drying), the discharge of 
DfVIAc is stopped while substrate 16 is kept on 
rotating for forty seconds at a high revolving speed 
of 3,000 rpm. During this, the backside of substrate 
16 is dried by air flow. 

It is known that when a photo-resist film is 
formed by the spin coating method, ketone is used 
as a backside-rinsing liquid. On the other hand, in a 
case where a SOG (spin on glass) film is formed 
by coating a Si-containing alcohol solution using 
the spin coating method, alcohols are used as a 
backside-rinsing liquid. These backside-rinsing liq- 
uids are also used, in the same way as the 
polyimide film is formed, so as to dissolve and 
remove the film adhered on the backside of sub- 
strate. 

However, in the case where a film, for example, 
of polyimide is formed on a substrate by the con- 
ventional spin coating method, first, the polyimide 
film is regulated to a desired thickness (step 3), 
and thereafter, a solvent must be discharged from 
the backside-rinsing liquid discharging nozzle 15 
while the substrate being rotated at the same re- 
volving speed (step 4). For this reason, the pro- 
cessing takes long time, disadvantageously. 

On the other hand, it takes an extremely long 
time if use of N-methylpyrolidone (to be abbre- 
viated as NMP hereinafter) is made as a solvent for 
dissolving and removing the polyimide precursor 
solvent adhered on the backside of substrate 16. 
For this reason, it is necessary to use a stronger 
solvent than NMP, such as, for instance DMAc, 
dimethylformamide (DMF), etc. However, even with 
DMAc or DMF, it takes about thirty seconds to 
dissolve and remove the polyimide precursor solu- 
tion, as shown in Fig. 2. To make matter worse, 
these solvents exhibit poor volatility, so that the 
substrate must be spun at a high revolving speed 
for a long period of time (about forty seconds) in 
order to dry the solvent (step 5), As a result the 
processing time for each substrate takes as an 
extremely long time as about two minutes. 

In addition, since the substrate is spun at a 
high revolving speed for a long period, this poses a 
problem that the film of polyimide precursor on the 
substrate surface is made thinner than what is 
desired. Furthermore, DMAc, DMF, etc. which have 
strong solvency should be used as the backside- 
rinsing liquid. 

In the case where photo-resist film or SOG film 
is formed, the solution adhered on the backside of 
the substrate must be dissolved and removed after 
the film of a desired thickness has been formed. 
Accordingly, the processing time for each substrate 
in these cases also needs a long period of time like 
the above case of the polyimide film-forming. 

On the contrary, if no backside-rinsing liquid is 
not used, a polyimide precursor solution of a low 



viscosity must be used. In this case, it is true that, 
by lowering the viscosity of the polyimide precur- 
sor solution, the polyimide precursor solution in the 
periphery of substrate can completely be thrown 

5 away so as to avoid its adhesion onto the backside 
of substrate. But. if the viscosity of the polyimide 
precursor solution is low. a series of Steps 1 , 2 and 
3, that is, the spin coating treatment of the 
polyimide film must be , repeated in order to obtain 

w a film of a desired thickness. So, this method 
cannot eliminate the drawback of low throughput, 
either. 

It is therefore an object of the present invention 
to provide a film forming method in production of 
;5 semiconductor device which allows a processing 
time for treating each semiconductor substrate to 
be shortened to thereby perform a speedy spin 
coating. 

In accordance with the present invention, a film 
20 forming method in production of semiconductor 
device comprises the steps of: 

supplying a film-forming solution dropwise on 
the surface of a semiconductor substrate; 

starting rotation of the semiconductor sub- 
25 strate; and 

starting a discharge of an adhesion protecting 
liquid onto the backside of the semiconductor sub- 
strate before the film-forming solution supplied on 
the above surface of the semiconductor substrate 
30 is spread out to the periphery of the substrate. 

In the present invention, the rotation of the 
semiconductor substrate is started after dropping 
of the application solution, and then the discharge 
of the adhesion protecting liquid onto the backside 
35 of the semiconductor substrate is started before 
the applied solution reaches the periphery of the 
substrate. By this operation, the tendency of the 
applied solution to go around to the backside of the 
semiconductor substrate is protected by the adhe- 
40 sion protection liquid, thus the applied solution is 
prevented from adhering on the backside of the 
substrate. 

In accordance with the present invention, in 
place of dissolving and removing the adhered solu- 

45 tion, the solution itself is prevented from adhering 
onto the backside of the substrate by discharging 
and injecting the adhesion protecting liquid. This 
results in reduction of processing time. The liquid 
to be injected on the backside of the substrate can 

50 be selected regardless of the solvency against the 
solution to be coated- Accordingly, pure water or 
lower alcohols having high volatility can be of use 
as the adhesion protecting liquid. As a result, this 
feature of the present invention can perform further 

55 reduction of the processing time, and allows the 
use of harmless liquid. 

Fig.1 is an schematic diagram showing a typical 
spin coater; 
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Fig.2 is a timing chart showing a nnethod of prior 
art film forming; 

Fig. 3 is a schematic diagram showing a typical 
spin coater used for a method of an embodi- 
ment of the present invention; 
Fig. 4 is a timing chart showing a method in an 
embodiment of the present invention. 
Embodiments of the present invention will 
hereinafter be described with reference to the ac- 
companying drawings. Fig. 4 is a timing chart of 
polyimide film coating as to a first embodiment of 
the invention. A spin coater used in this embodi- 
ment has an identical structure, as shown in Fig.3. 
with the conventional spin coater in Fig.1, and 
differs from the conventional one only in the con- 
trolling features and the kind of liquid that is dis- 
charged from discharging nozzle 15, Specifically, 
the liquid discharged from discharging nozzle 15 is 
different from the solvent used in the prior art, and 
employs a solvent with a weak solvency such as 
pure water, or lower alcohol, etc as an adhesion 
protecting liquid. Accordingly, in Fig,3, like compo- 
nents effecting the same functions with those in 
Fig.1 are identified by like reference numerals and 
the description in detail will not be repeated. 

The method of the embodiment will be de- 
scribed with reference to Fig. 4 which shows an 
operational features of a controller 31 used in this 
embodiment. First, as shown in Fig.3, semiconduc- 
tor substrate 16 is fixed to vacuum chuck 16. Then, 
polyimide precursor solution having a viscosity of 
5.000 cp is dropped onto the surface of substrate 
16 from organic solution injecting nozzle 11 for five 
seconds (step 1; a period of dropping of coating 
liquid ). 

Next, rotation of substrate 16 is started to raise 
the revolving speed of substrate 16 to 1.000 rpm. 
At a next step 2 (a period of low speed rotation), 
substrate 16 is spun at 1,000 rpm for five second 
as a pre-spinning. This operation spreads out the 
dropped polyimide precursor solution over the sur- 
face of substrate 16. 

On the other hand, at the time when the revolv- 
ing speed of substrate 16 reaches 1,000 rpm. pure 
water as the adhesion protecting liquid is dis- 
charged from liquid discharging nozzle 15 and in- 
jected onto the backside of substrate 16. 

Then, the revolving speed of substrate 16 is 
raised up to 3.000 rpm at which desired thickness 
of polyimide could be obtained, and at step 3 (a 
period of rotation at high revolving speed), sub- 
strate 16 is rotated at a high revolving speed of 
3,000 rpm for 20, seconds. At step 3. a continuous 
discharge of pure water is kept on so as to inject 
water on the backside of substrate 1 6. 

At a next step 4 (a period for drying), the 
discharge of water is stopped while substrate 16 is 
kept on rotating for twenty seconds at a high re- 



volving speed of 3.000 rpm. During this, the back- 
side of substrate 16 is dried by air flow. 

As described heretofore, according to the 
present embodiment, semiconductor substrate 16 
5 as is rotated is supplied with a polyimide precursor 
solution dropwise on the above surface thereof 
while water is discharged and injected on the back- 
side of semiconductor substrate 16. Therefore, dis- 
solving treatment by DMAc, as executed in the 
w prior art shown in Fig.2, for the polyimide film that 
would be formed on the backside of substrate 16 is 
no longer needed. As a result, the time taken for 
step 3 (in the present embodiment) in which a high 
speed rotation is effected is reduced to about one- 
rs third of that for the high speed rotation in steps 3 
and 4 (in the prior art). In addition, the drying time 
required for the present invention (step 4 in the 
present embodiment) can be reduced to half of the 
drying time required for the prior art process „(step 
20 5 in the prior art). 

Consequently, the processing time for each 
semiconductor substrate can be sharply shortened 
from 120 seconds (in the prior art) to 60 seconds 
(in the invention). 
25 It should be noted that the start of discharging 

the liquid for protecting adhesion is not required to 
be in time with the start of the low speed rotation of 
semiconductor substrate. That is, the discharge of 
the liquid for protecting adhesion may and must be 
30 started at any time before the liquid for film-for- 
ming (the organic solution) supplied on the sub- 
strate surface reaches the periphery of the sub- 
strate. 

In the description of the above embodiment, 

35 although pure water is used as an adhesion pro- 
tecting liquid to prevent the organic solution from 
adhering onto the backside of substrate, lower al- 
cohols such as ethyl alcohol, isopropyl alcohol 
(IPA). etc. can be employed as the adhesion pro- 

40 tecting liquid. Since the lower alcohols have higher 
volatility than pure water, the drying step is com- 
pleted in about 10 seconds. As a result the total 
processing time can further be shortened. 

Although the description of the embodiment 

45 heretofore has been made as to a case in which 
polyimide film is formed, it is also possible, in the 
cases in which photo-resist film or SOG film is 
formed, to prevent the organic solution from adher- 
ing onto the backside of substrate by controlling 

50 the discharge timing of the adhesion protecting 
liquid in the similar sequence. Accordingly, the 
time for each substrate spent in forming these films 
can also be shortened. 

55 Claims 

1. A film forming method in production of semi- 
conductor device comprising the steps of: 
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supplying a film-forming solution dropwise 10. 
on the surface of a semiconductor substrate 
(16); and 

starting rotation of said semiconductor 
substrate, characterized by further comprising 5 
the step of: 

starting a discharge of an adhesion pro- 
tecting liquid onto the backside of said semi- 
conductor substrate before said film-forming 
solution supplied on the above surface of said w 
semiconductor substrate is spread out to the 
periphery of said substrate. 



A film forming method according to claim 1, 
characterized in that said film-forming solution 
is a silicon-containing organic solution. 



2. A film forming method according to claim 1, 
characterized in that said semiconductor sub- /5 
strate (16) is rotated at a first revolving speed 
immediately after the start of rotation, and 
thereafter, is shifted to a rotation at a second 
revolving speed higher than the first revolving 
speed. 20 

3. A film forming method according to claim 2. 
characterized in that discharge of said adhe- 
sion protecting liquid is started in synchroniza- 
tion with the start of the rotation at said first 25 
revolving speed, and is stopped at a time 
when a certain period of time has been passed 
after the start of the rotation at said second 
revolving speed. 

30 

4. A film forming method according to claim 3, 
characterized in that, after the discharge of 
said adhesion protecting liquid is stopped, said 
semiconductor substrate is kept on being rotat- 
ed at said second revolving speed for a certain 35 
period of time in order to dry the adhesion 
protecting liquid on the backside thereof. 



A film forming method according to claim 4. 
characterized in that said first revolving speed 
is about 1000 rpm. 



40 



6. A film forming method according to claim 5, 
characterized in that said second revolving 
speed is about 3000 rpm. 



45 



A film forming method according to claim 1. 
characterized in that said adhesion protecting 
liquid is pure water or a lower alcohoL 

A film forming method according to claim 1, 
characterized in that said film-forming solution 
is a polyimide precursor solution. 



50 



A film forming method according to claim 1, 
characterized in that said film-forming solution 
is a photo-resist solution. 



55 



5 



EP 0 556 784 A1 



F16„ 1 (PRIOR ART) 




EP 0 556 784 A1 




EP 0 556 784 A1 




EP 0 556 784 A1 



4000 r POLYIMIDE PRECURSOR SOLUTION 

PURE WATER 



3000- 



2000- 



1000- 




STEP 

— 4 — 



0 ( 10 20 30 40 

STEP I PROCESSING TIME (sec.) 



50 



60 



European Palcnt 
Office 



EUROPEAN SEARCH REPORT 



A^cmdoa Niimb«r 

EP 93 10 2422 
Page 1 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catcgvry 


Ckadea of 4of>iinfiir witii iiwIirariaB, when apprapnate, 
•f rdcvaat paanfca 


RcievaaC 
to ciaim 


CLASSIFICATION OF THE 
APTUCATION aat. CL5 ) 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 9, no. 263 (E-351)( 1986) 19 October 

1985 

& JP-A-60 110 118 ( TOSHIBA K.K. ) 15 June 
1985 

* abstract * 


1.9 


G03F7/16 
B0501/00 


X 


PATENT ABSTRACTS OF JAPAN 
vol. 8. no. 44 (E-229)(1481) 25 April 1984 
& JP-A-58 200 537 ( TOKYO SHIBAURA DENKI 
K.K. ) 

* abstract * 


1.9 




X 


PATENT ABSTRACTS OF JAPAN 

vol. 9, no. 274 (E-354)(1997) 31 October 

1985 

& JP-A-60 117 731 ( KIYANON HANBAI K.K. ) 
25 June 1985 
* abstract * 


1.7 




A 


PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 472 (C-551)(3319) 9 December 


1 


TECHNICAL FIELDS 
SEAKCHEO (iBt. CLS) 




1988 

& JP-A-63 190 679 ( MITSUBISHI ELECTRIC 
CORP. ) 8 August 1988 
* abstract * 




B05D 
G03F 
HOIL 


A 


US-A-4 982 694 (M. MORIYAMA) 
* the whole document ■ 


1-10 




A 


DE-A-2 637 105 (LICENTIA 
PATENT-VERWALTUNGS GMBH.) 
* the whole document " 


1-10 




A 


WO-A-8 906 378 (OLIN HUNT SPECIALITY 

PRODUCTS INC.) 

* the whole document " 

-/-- 


1 




The preaeot martk nfort has bMo drawn vp for all daioa 







THE HAGUE 



14 MAY 1993 



BROTHIER J-A.L 



CATEGORY OF OIXD DOCUMENTS 

X : fVticiUmriy rtlcvmst if tklLcn aJoo« 

Y : yvtiaiUfly nl«vut If ooaiMB«4 with uotk«r 

A : t«chaolog^cmJ h^dt^^wtad. 
O : noo-wrftt« 41sdosur« 
P : lQC«rDi«dUt« 4oaia«BC 



T : th«ory or prtad^* uo4«riylog ch« favndoa 
E : «arU«r p»Xmt <ocuiMat, but pubUsM oa, or 

ift«r lb« fiUAf iMX% 
D : 4ocuai«at dt«4 Id th* ippltcatloo 
L : 4ocuai«t dto4 for oOmt r«uoas 

A : oi4ak«f of th« uim« patwt fuaity. ' ■"■ ■'f'"Hfnf 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 10 2422 
Page 2 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cacccory 



Ckatioa of dmcumeat mth indindoB, where epproprufie, 
of retevnt p tiitf c fc 



EP-A-0 102 198 (TEXAS INSTRUMENTS INC.) 
* the whole document * 



RcAcvMtt 

to • 



CLASSIFICAnON OF THE 
APPUCATION gat, a.5 ) 



TECHNICAL FIEUDS 
SEARCHED (Ut. a.5 ) 



The 



report has boca tawn up for aU ctauno 



THE HAGUE 



14 MAY 1993 



BROTH lER J-A.L 



CATEGORY OF CITED DOCUMENTS 

X : p4rticuUrty rtlotrmat tf tak«o aioM 

Y : pvtiaiUily raUiM If ooaUaod with uMhm 

4onimm n of th« sm«« caucpcy 
A : (•choolo«fcal hortynaad 
O : Mfk-wrtttA tflsdoswo 
P : iQtoraiWialo iQ cn mwM 



T : Cfa«ory or prM^« ao4«ri]rtag cb« lovndoa 
E : «uil« pftiMi «ooiMDt« but pubUsM oa, or 

9tXm (W flUo« Uto 
D : 4ocumM( dt«4 !■ tlk« t^ic&tloo 
L : 4ocuai«ac dt«4 for o(h«r rmcoax 

sb«r of th« suB« ^t«ot fualty, corr«spoa41*f 



